The water vapor flux and precipitable water was computated over the natural Amazon forest in the <;tretch between Belem and Manaus for 1972. The atmospheric branch of hidrological cycle teory was applied and the most significant conclusions on an annual basis are: Atlantic Ocean water vapor contributes 52% to the r&gional precipitation and is significant the role played by local evapotranspiration in the precipitation in the nrea; there were signs of the phenomenon of water vapor recycling nearly throughout the year. Evapotranspiration contribute to 48% of the precipitations in the area studied . The real evapotranspiration estimated by this method was l ,OOOmm year-1.
l.NTRODUCTION
From the beginning, the establishment ot agro-industrial projects on a large scale in the Amazon Region hss caused doubts as to the possible ecological modifications in this region as a consequence of replacing the equatorial forest by other types of vegetation.
On the probab le changes, two are of importance as they csn induce other ecological adaptations: a) quantitative variations in the components of the hydrologic cycle; b) qualitative and quantitative alterations in the cycle of nutrients.
The basic problem in the hydrologic cycle is to determine whether the water vapor from the evapo·t:ranspiration is a relevant factor in the water economy of this region with approxim::ltely 6 million square kilometers and which contains 20% of the earth's fresh water reserve.
The present paper is a contribution to the study of the problem of characterizing the two components which constitute the atmospheric José Marques (1) Jesus Marden dos Santos (2) Nilson Augusto Villa Nova (2) Eneas Salati (3) branch of the hydrologic cycle, namely, the water vapor flux (zonal and meridional) and the precipitable water, as detected over the Amazon natura l forest in the stretch between Belém and Manaus. lt attempts to : a) asses the volume of precipitable water over Manaus and Selem. and determine its month ly variation; b) asses the total water vapor flux over these locations, the zonal flux availab1e between them, and determine its monthly variations; c) establish a correlation between the precipitable water, the zonal and meridional components ot the water vapor tlux, the potential evapotranspiration and the rainfall in the region, with a view to providing evidence of a possible water vapor recycling in the region.
L ITERATURE REVIEW
The use of information of the upper air to determine the water content over a location and to calculate the water vapour flux divergence over a region, provided two or more observing stations are available, was initiated by the work of Holzman (1937) . As from the equation of state for humid air, a method was established to estimate the water content in the atmospheric layer as a function of vapor pressure, of ai r temperature and of height Z. According to Barnes (1964) , the first scientists to make calcu lations of atmospheric water vapor divergence were Wundt in 1938, in very restricted areas, and later Benton et ai. (1950) . Peixoto balances of the W3ter component, carried out by study of the atmospheric branch, are the most accurate, provided a reasonable network system is available for observations of altitude. Due to the complex relationship between evaporation and air temperature, wind intensity and directton and precipitation characteristics, and soils and vegetation types, it has not been possible to estimate accurately by means of conventional methods the water volume evapot·ated from large drainage basins. The study of the atmospheric branch of the hydrologic cycle overcomes this dif'ficulty, for it introduces in a relatively easy manner concepts with welldefined and measurable physical sign ificance. Mol10n (1975) , in a study of the components of the equations of water balance and energy bal3nce , presented possible climatic effects trom deforestation of the Amazon Basin; he utilized average charts of wind and specific humidity seasonal values published by Newell et ai. ("1972) . McDonald (1962) showed the scientific uncertainity of accepting the "in-s itu " evaporation -precipitation process, for the water vapor molecules supp lied to the air are transpori:ed by atmospheric circuli'ltion from the site of origin to up to hundreds of kilometers, before t hey are condensed and precipitate. Only in some specific cases, as for instance on abruptly r ising land near an exter.sive liquid surface, can the re be substantial effects of the local liquid mass ovey precipitation.
In a study of the water balance of the Mississipe River Basin, Benton, as cited by McDonald (1962) . included that not more than 10% of the precipitation in the are a consisted of water evaporated from local continental sources, the remaining 90% being of marine ongm. For the Amazonas Basin, however, Molion (1975) concluded that about half of the precipitation consists of local evapotransp irated water
The main limitations of the method are : -· it disregards the total water transported in the solid and liquid phases. In some specific cases in synoptic studies for restricted areas, the wster ri n the clouds may represent a CC'nsiderable part of the total humidity transported. For large areas, and using mean water vapor flux divergence values for iengthy time periods, 356-the water in the clouds can be negligible. Sometimes in these cases there may exist regions where the strong orographic influence and proximity to large liquid masses induce condensation and systematic errors can originate from th is source.
--if the aerological observations are carried out only once a day, the results can be heavily influenced by a possib le daily variation of the wind and/or the specific humidity.
computing the water vapor flux in an extensive region over a lengthy period, it is necessary that the total number of observations oe equal for ali the stations.
-the method can be successfully utilized only tn regions where a closely sp3ced network of aerological stations exist.
DATA
The surface meteorological data utilizeâ were: the records of totais of precipitation and air temperature from the stations of the Ministério da Aeronáutica and Ministério da Agricultura, and of the Instituto Nacional de Pesquisas da Amazônia (INPA), during 1972.
The necessary data for water vapor fluxes and precipitable water computations were determined from the analysis of 658 d3iiy meteoro log ical upper air observations (radiosonde) carried out in 1972 by the Ministério da Aeronautica at its stations in Manaus and Belem.
As this study was carried out with data for only one year, the conclusions are subject to the stati5tical oscilations pertinent to the meteorological data. As will be seen, this year yielded meteorological data considered to be within the normais established for the region . Fig. 1 shows the localization of studied area. Precipitable water (Wp) is, by definition, "the totr~l atmospheric water vapor contained in a vertical column of unit cross-sectional area extendin9 between any two specified leveis, commonly expressed in terms of the hei9ht to wich that w::~ter substance would stand if completely condensed and collected in a vessel of the same unit cross-section ".
In the present work, the method proposed by Harrison (1970) has been adopted tor calculatin9 Wp, the precipitable water (in mm) bein9 determined from the expression : In ali the cases studied, use has made of the hydrostatic equilibrium condition in the c.tmospheric column, which was bounded by the isobaric standards leveis 1,000 and 500mb.
MEAN PRECIPITATION (R)
The mean precipitation (R) utilized was determined for the rectangle formed by the intersections of the parallels and meridians of Selem and Man::~us (Fig. 3) . The mean potential evapotranspiration (E) was determined from the available data on air temperature in Be I em, Manaus and Taperinha by the method of Thornthwaite and Mather ( 1955) .
THE MODEL
The model utilized for the characterization of some components of the atmospheric branch of the hydrologic cyciEl in the stretch extending from Belem to Manaus, consisted of a hypothetical volume (Fig. 2) taken from the atmosphere, 178km in width (approximate ly 1°40') 2nd of a height corresponding to the standards isobaric leveT of 500mb (5,500m as an average), and whose length is the distance between those two towns, approx i mately 1 ,272km ( 11°33 ').
358-
Due to the rapid vertical decrease in the specific humidi1y (q), it is not necessary to extend the integration to the top of the atmosphere; a large portion of the humidity total flow occurs in the layer between the surface and/ or 400/ SOOmb, Palmén (1967) . In the present p3per, the values computed for the leveis above 500mb have not been considered.
RESULTS OBTAINED AND DISCUSSION

T.HE MEAN PRECIPITATION FIELD (R)
From the precipitation data, the monthly isohyets were drawn and from these, the values were calculated from the mean rain R in the area under study, delimitated as indicated in the mElthod for "Mean Precipitation (R)" . Utilizing the values for the variation coefficients determined by Azevedo (1974) and applying the "t Test", it was observed that the monthly vafues for rain which occurred in 1972 were not sta-tístícally dífferent from the normal values established for Belem and Manaus. Fig. 3 shows the distribution of total precipitation in 1972 and fig. 6 shows its monthly variation.
MEAN PREClPITABLE WATER (Wp)
The analysis of Fig . 4 , constructed from the data in Table I , shows for Belem a main minimum in October and a secondary minimum in June and for Manaus a main maximum in P.pr il and two secondary maxima in December and August. A rough analysis shows that Bel em gives values which are always lower than those observed for Manaus . The zonal and meridional water vapor fluxes are shown in Table I and Fig. 5 . lt was observed that the total zonal flux at Belem was 430/cm higher than at Manaus. and that for both locations it kept the se me direction, i. e .. w estward . The meridional flow at Belem indicated a constant northward direction, while at Manaus it was altemate, being from the south during the period April-September, and from 1:he north during the remaining months. The t otal flux O was constructed from the components Q À. and Q<j> of the flux. as snown in fig. 3 .
MEAN ADVECTIVE RAIN (Ra)
The Ra values, equation 6, are indicated in Table I In this, as can be seen from the data in Table I and to the other terms of equstion (7) . The div O was estimated considering only the value for the zonal water flux between Belem and Mar.õus, which corresponds to the "advective rain" (Ra). equation 6. Thus equation (7) ----ke indicates the fraction of the precipitation from the evapotranspiration within the area under study.
From the analysis of the data in Table I, columns Ra and R, one can see that it is necessary to postulate an internai recycling of water vapor within the sector being considered, as in almost ali months R > Ra, with the exception of July and August. In these months the South Atlantic High Pressure System extends over the continent; there is a reduction of precipitation rates and a consequent relat:vely more pronounced meridional water vapor transport (Fiq. 5) .
The application of equation (7) to monthly data has not been successful in 50% of the 360-cases . This deviation was probably due to approximations in the calculations , especially the impossibility of estimating the meridional flux divergence which, although relatively negligible in some months, can become important in the others. This probiem, i.e., balance at a monthly levei, will only be resolved when aerological information for the region be available for a greater number of years , as well as from more radiosonde stations .
However, when equation (7) was applied cn an annual basis, it yielded more consistent C:c.ta, as :
1. it was applied to a hydrologic cycle ; 2. the data for Manaus made it evident that the meridional flux Q<J> is positive from April to September, and negative in the remaining months ( fig. 5 ) . Due to this compensation, Q<J> was practically nu li in the cycle . lt !s believed that this situation, observed at Manaus, will be applicable to the inner 2/ 3 of the region under study.
Thus , by applying equation 7 on an annual b:Isis, it was estimated that the advective coefficient k 3 is equal to 0,25, giving as a result ke = O. 48, i. e. , 48 % of precipitation being derived from evapotranspiration, wich is in accordance to estimates given by Molion (1975) . This implies an average real evapotranspiration for the region close to 1 ,OOOmm. The estimate by means of Thornthwaite"s method (Table I) indicates the annual value or 1,600mm . The estimate by means of the Penman formula, using average data (Table I) , Vil la Nova (1976), indicates an annual value of 1 ,460mm for potential evapotranspiration. Since in both cases the potential evapotranspiration was considered, it would be expected that, even in the Amazon forest, plant transpiration is smaller than the maximum estimated by the above methods. Thus, our estimate of 1 ,OOOmm year · 1 by the aerological method for 1972 seems to be reasonable.
The calculations indicate that at least in 2 months (October and November) this region iunctions os a source, supplying water vapor to the region lylng west of Manaus (Table I) . Dec .
1882 CONCLUSION
As a contribution to the solution of problems in the hydrology, climatology and ecology of the Amazon region, the most significant conclusions of this paper are :
-the Atlantic Ocean water vapor contributed 52% to the regional preclpitation, the water vapor coming from the northeastern coast of South America; -the W3ter vapor was predominantly supplied to the region under consideratior. by the zona! flux in the east-west direction, 80% of the total vapor being supplied by the 1,000/700mb sublayer fiux; -the values for the water vapor flux at Belem, compared month-to month with those for Manaus, showed higher values for Manaus were 1 and 7% higher, Octcber and November, when the values (1 to 57%). except for the months of respectively; -the meridional water vapor flux at Belem was predomonantly in the south to north direction, and the 1,000/700mb sub-layer flux contributed 68% to total meridiona l vapor flux; -the meridional water vapor flux at Manaus showed a semi-annual alternation in its direct ion, being from south to north in the period Aprii-September, and from north to south in the other months. being the annual value practically negligible;
-the high values obtained for the precipitable water were a necessary condition, though not sufficient, for high precipitation values. The synoptical and ciimatological characteristics that givc origin to the vertical movements in the region must also be considered;
-the values for precipitable water at Manaus, when compared month-to-month with those for Beiem, showed values that were always higher (5 to 35%), th~ differences found in the period ApriiSeptember being smaller. The monthly mean value for precipitable water at M anaus was 43mm and in Belem 38mm. This suggest that the region acts as a permanent water vapor source;
-at both locations the 1,000/850mb sublayers contributed ca . 50% of the total precipitable water; up to 700mb the total contribution was 80% and above 500mb the contribution was negligible;
-the monthly mean specific humidity (q), calculated for the 1,000/ 500mb layer, was around 9 g kg -1, the values at Bel em being a little lower; for t he leveis above 500mb, the monthly mean specific humidity value was lower than 2g kg · J for both locations; a significant role is p·layed by local evapotranspiration in the generation of rain in the area; there were signs of the phenomenon of water vapor recycl!ng nearly throughout the year. Evapotranspiration contributed to 48% of the rains in the region studied.
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